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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the simulation system of how whose color which 
predicts and carries out the simulation of the change of how whose color produced by change of lighting light is visible is 
visible. 
[0002] 

[Description of the Prior Art] In the color design using the color display by CG etc., it is used for a visual color examination 
in various fields, such as various designs. 

[0003] Conventionally, tristimulus values are changed into the RGB value of a color display, and it is made to perform the 
color display of ****** by inputting the tristimulus values of ****** into a color display, when indicating by the color. 
[0004] Moreover, color display calculation of ****** illuminated with a different lighting light will also perform a color 
display in quest of the RGB value of a color display from tristimulus values. However, in fact, lighting light and RGB of 
****** are calculated beforehand, and the color display is performed from the product of RGB of the lighting light and 
******. Although this reason may be called shortening of computation time, its spectral reflectance of ****** is strange and it 
is because only tristimulus values may be given. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when ****** is illuminated with the lighting light which has the same 
relative part luminous-radiation luminance distribution, it is known for how whose actual color is visible that the way when an 

illuminance is high looks vivid. Moreover, it is also known that the vanity of ****** currently illuminated with the lighting 
light which is changing with time or the weathers like the daylight will not change like the grade of change of the relative part 
luminous-radiation luminance distribution of lighting light. 

[0006] However, in a Prior art, since the color display is performed from the product of RGB of lighting light and ****** 
when performing the color display of ****** illuminated with a different lighting light, and the spectral reflectance of ****** 
is strange, how whose above colors are visible cannot fully be displayed. That is, when ****** is illuminated with the lighting 
light which has the same relative part luminous-radiation luminance distribution, the vanity of ****** currently illuminated 
with the lighting light which does not look vivid although an illuminance is high, or is changing with time or the weathers like 
the daylight has the fault of changing to not changing a lot like the grade of change of the relative part luminous-radiation 
luminance distribution of lighting light, 

[0007] this invention was made in view of such a point, and aims at offering the simulation system of how whose color which 
can fully express how whose color under different arbitrary lighting light is visible like the actual way of being visible is 
visible. 
[0008] 

[Means for Solving the Problem] The simulation system of how whose color according to claim 1 is visible A 
spectral-reflectance presumption means to presume the spectral reflectance of ****** from the principal component extracted 
from the spectral-reflectance data of a standard color chart by the principal-component-analysis method, and the tristimulus 
values of ******, A tristimulus-values calculation means to calculate the tristimulus values of ****** under arbitrary lighting 
conditions from the presumed spectral reflectance and arbitrary lighting conditions. It is characterized by providing a 
correspondence color prediction means to predict the correspondence color under the standard illuminant which serves as 
vanity of the color under arbitrary lighting conditions, and the same vanity from the calculated tristimulus values by the color 
adaptation prediction formula. Thus, while presuming the spectral reflectance of ****** and calculating the tristimulus values 
of ****** under arbitrary lighting conditions, expression becomes possible enough like the actual way of being visible about 
how whose color under different arbitrary lifting light is visible by predicting the correspondence color under the standard 
illuminant which serves as vanity of the color under arbitrary lighting conditions, and the same vanity from the calculated 
tristimulus values by the color adaptation prediction formula. 

[0009] The simulation system of how whose color according to claim 2 is visible is characterized by providing the 
amendment correspondence color-correction means for the correspondence color predicted by the correspondence color 
prediction means according to the illuminance of ****** in the simulation system of how whose color according to claim 1 is 
visible, thus, the correspondence color predicted by the correspondence color prediction means - the illuminance of ****** - 
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responding - an amendment - corresponding to change of the illuminance of a sunny place, the shade, etc., expression 
becomes possible enough like the actual way of being visible by things about how whose color is visible 
[0010] The simulation system of how whose color according to claim 3 is visible is characterized by providing the database 
means which accumulated the lighting condition data of two or more lighting light which makes arbitrary lighting conditions 
selectable in the simulation system of how whose color according to claim 1 or 2 is visible. It can set up by this choosing 
arbitrary lighting conditions from a database. 

[001 1] The simulation system of how whose color according to claim 4 is visible is characterized by providing a RGB 
conversion means to change into a RGB value from the tristimulus values of a correspondence color in a claim 1 or the 
simulation system of a way whose color of a publication is visible 3 either. Thereby, a display becomes possible about how 
whose color is visible to a color display. 
[0012] 

[Embodiments of the Invention] Hereafter, the gestalt of 1 operation of the simulation system of a way which is visible is 
explained with reference to a drawing. 

[0013] Drawing 2 shows a system-wide block diagram, 1 1 is a computer apparatus and a color display 12, a color printer 13, 
and the input section 14 are connected to this computer apparatus 11, respectively. A color display 12 controls in 256 stages 
about R (RED), G (GREEN), and B (BLUE), respectively, and fliU color type CRT with the power of expression of 
16,770,000 complementary colors by the combination is used. The input section 14 is equipped with the keyboard, the mouse, 
the digitizer, etc. 

[0014] The computer apparatus 1 1 is equipped with the following function as software. The fimction of a spectral-reflectance 
presumption means to presume the spectral reflectance of ♦*♦♦*♦ from the principal component extracted from the 
spectral-reflectance data of a standard color chart by the principal-component-analysis method, and the tristimulus values of 
****♦♦. The fiinction of a tristimulus-values calculation means to calculate the tristimulus values of ****** under arbitrary 
lighting conditions from the presumed spectral reflectance and arbitrary lighting conditions. The function of a correspondence 
color prediction means to predict the correspondence color under the standard illuminant which serves as vanity of the color 
under arbitrary lighting conditions, and the same vanity from the calculated tristimulus values by the color adaptation 
prediction formula. The correspondence color predicted by the function of a correspondence color prediction means is 
responded to the illuminance of ******, and it is the function of an amendment correspondence color-correction means. The 
fiinction of a RGB conversion means to change into a RGB value from the tristimulus values of a correspondence color. The 
function of the database means which accumulated the lighting condition data of two or more lighting light which makes 
arbitrary lighting conditions selectable. 

[0015] The database concerning [ a database means ] the following lighting light is created beforehand. ** CIE daylight 
illuminant, ** Nagaoka daylight, ** Amagasaki daylight, ** New Delhi daylight, ** fluorescent lamp (F1-F12), ** mercury 
lamp, ** arbitrary light source. 

[0016] Next, the simulation of a way whose color of ****** (body) which it is going to express to a color display 12 is visible 
is explained with reference to the flow chart of drawing 1 . 

[0017] First, the tristimulus values XYZ of the color of ****** are inputted from the input section 14 (Step 1). 
[0018] In addition, as the input method, it is possible also at MANSEN value hyperventilation/C (a hue and lightness / 
saturation) (from hyperventilation/C specified to the display by JISZ8721 color-specification method -3 attribute, and Y and 
xy, interpolation conversion is carried out in graph and it asks), and a hue number (for example, 5), a hue sign (for example, 
R), lightness (for example, 5.2), and saturation (for example, 14.5) are used for the input. In this case, a computer apparatus 
1 1 is equipped with the fiinction of a conversion means to calculate tristimulus values XYZ, from this reflection factor Y and 
a chromaticity xy while it asks for a reflection factor Y and a chromaticity xy from inputted hyperventilation/C. 
[0019] Next, the spectral reflectance of ****** is presumed (Step 2). 

[0020] In addition, the purpose which presumes the spectral reflectance of this ****** presumes the spectral reflectance of 
******, in order to calculate the tristimulus values at the time of illuminating with lighting light which is the tristimulus values 
XYZ of ****** inputted, and a value according [ MANSEN value hyperventilation/C ] to a standard illuminant C (or D65), 
and is different in the ******. 

[0021] Principal component analysis is performed to the data constellation of the color chart (for example, JIS conformity 
standard color chart) with which the spectral reflectance is given, and main principal components are extracted. When the 
extracted principal component is used, the spectral reflectance of a color chart is the following formula (1) as linear 
combination of a principal component. It defines. 
[0022] 
[Equation 1] 

p (A) «Ro iX) +2k, R, (A) (1) 
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Formula (1) The tristimulus values of a shell and a color chart are the following formulas (2). It defines. 
[0023] 
[Eauation 2] 

/X\ /Xc 

(2) 
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XO YO and ZO and -- since Xi (i=l-3), Yi (i=l-3), and Zi (i=l-3) can be calculated by calculation from the average spectral 
reflectance RO and (lambda) characteristic vector Ri which are obtained from principal component analysis (lambda) ~ 
weight -- Counting ki (i=l-3) -- the following formula (3) It asks. 
[0024] 
[Equation 3] 

/X 0 ■ 




(3) 



Therefore, spectral-reflectance rho' (lambda) of the color to which the tristimulus values XYZ or hyperventilation/C of 

****** is given even when the spectral reflectance of ****** is strange is a formula (1). It can presume. 

[0025] In addition, as an example using the JIS conformity standard color chart, there is "analysis of a spectral-reflectance 

distribution of Munsell color charts" (a Japanese color society magazine and Vol.7 No.4 1983 pp 167-174). 

[0026] Next, the lighting conditions of ****** are inputted (Step 3). 

[0027] In this system, the database about the following lighting light is created beforehand. ** CIE daylight illuminant, ** 
Nagaoka dayli^t, ** Amagasaki daylight, ** New Delhi daylight, ** fluorescent lamp (F1-F12), ** mercury lamp, ** 
arbitrary li^t source. 

[0028] ** About the daylight of-**, while choosing the kind of daylight data, the relative spectral distribution Sr of lightmg 
light (lambda) is set up by inputting a chromaticity coordinate or correlated color temperature. ** About a fluorescent lamp, 
the relative spectral distribution Sr (lambda) which is known is set up by choosing from 12 kinds of fluorescent lamps. ** The 
relative spectral distribution Sr (lambda) which is known is set up by selection of a mercury lamp. ♦* About lighting light 
other than -**, a relative spectral distribution Sr (lambda) is set up by creating data and carrying out the direct input of the 
relative spectral distribution Sr of lighting light (lambda) as the ** arbitrary light source, 

[0029] Next, vanity of the color of ****** under different lighting is predicted. In this prediction, the tristimulus values under 
arbitrary lighting (specification lighting) are calculated first (Step 4), next the correspondence color by the color adaptation 
prediction formula is predicted based on the calculated tristimulus values (Step 5). In addition, a correspondence color is a 
value under a standard illuminant C (or D65), and predicts the correspondence color under the standard illuminant C (or D65) 
which becomes the same vanity as the vanity of the color under the specified lighting conditions. Such processing is 
performed in order to think as compared with how under a standard illuminant C (or D65) to be visible. 
[0030] The tristimulus values under specification lighting (test lighting in a color adaptation prediction formula) search the 
lighting light corresponding to the lighting conditions of specified ****** from a database, and calculate it from the relative 
spectral distribution and the compound spectral reflectance. Namely, the aforementioned formula (1) Tristimulus values XR 



3 of 6 



8/9/031:04 PM 



http://www4.ipdl.Jpo.go.jp/cghbin/tran_web.cgLejje 



YR ZR under [ the relative spectral distribution Sr (lambda) of the lighting light by which an input setup was carried out with 

presumed spectral-reflectance rho' (lambda) to ] specification lighting It asks by the following formula (4). 

[0031] 



Prediction of the correspondence color by the color adaptation prediction formula is the tristimulus values XR YR ZR under 

specification lighting. And a correspondence color [ in / a standard illuminant C and criteria illuminance lOOOlx / for an 
illuminance value ] is presumed by the CIE color adaptation formula as a parameter of a color adaptation formula. 
[0032] For example, when it is referred to as the tristimulus values X= 72.76 of **♦*♦*, Y= 73.37, and Z= 7L1 1 and is 
referred to as the chromaticity x= 0.3588 of test lighting, y= 0.3397, color temperature =4415K, and illuminance SOOOOlx, 
The tristimulus values under test lighting are formulas (4). It asks with XR =79.40, YR =73.91, and ZR =53.40. Moreover, 
prediction of the correspondence color under criteria lighting (a standard illuminant C, illuminance lOOOIx) is called for with 
X'=148.44, Y -146.01, and Z'=130.37 by the CIE color adaptation formula. 
[0033] Next, the correspondence color in consideration of imperfect adaptation is amended (Step 6). 
[0034] The every day which is observed in many cases simultaneously, even if a sunny place and the shade have entered and 
adapted themselves into the shade on the scene, since they are influenced [ white ] of a sunny place, a shady color is darker 
and, as for this, they are evaluated (reverse, when having adapted oneself in the sun). The correspondence color of the white 
in a sunny place and the shade is predicted, and, in a sunny case, in the case of the shade, a shady value is amended as white 
under adaptation by the sunny value from this. 

[0035] That is, in order to make it make in agreement with the actually observed perceived color the correspondence color in 
the situation that a sunny place and the shade are observed simultaneously, in case it changes into a CIELAB color coordinate 
system from a sunny correspondence color (X', Y', Z'), it is amended by using the correspondence color of the shady perfect 

diffuse surface as white. 

[0036] Here, Example 1 about amendment of a correspondence color is explained. 

[0037] It is referred to as the tristimulus values X= 72.76 of ♦****♦, Y= 73.37, and Z= 7 1 . 1 1 , is referred to as the 
chromaticity x= 0,3588 of test lighting (sunny place), y= 0.3397, color temperature =4415K, and illuminance 50000lx, and is 
referred to as the chromaticity x= 0.3266 of test lighting (shade), y= 0.3205, color temperature =5797K, and illuminance 
8500lx. 

[0038] It will be set to X'=148.44, Y'=146.01, and Z'=130.37 if the correspondence color of the test lighting (sunny place) of 
****** is predicted. 

[0039] It will be set to Xn'=148.44, Yn'=146.01, and Zn'=130.37 if the correspondence color of the test lighting (shade) of the 
perfect diffuse surface is predicted (however, a chromaticity is treated as the same as test lighting (sunny place)). 
[0040] It will be set to L*'=94.83, a*'=5.76, and b*'=17.07, if it amends with the illuminance of test lighting (shade) and the 
correspondence color of ****** is changed into a CIELAB color coordinate system. 

[0041] If comparison with the perceived color observed by the practice of ****** is carried out, it will become as it is shovwi 
in the next table 1 . In addition, the observation by the feeling of ** changes the subjectivity evaluation result based on the 
NCS color coordinate system into the value of CIELAB by diagrammatic conversion. 



[0042] 
[Table 1] 


« m m 


L' =95. « 


B' -5.40 


b* = 6. AT 








a* =5.22 








L* =94. 83 


a - =5. n 


b* =IL 07 


AE* =11.1 



Therefore, the case where a correspondence color is amended becomes a nearer value to the perceived color observed by the 

practice of ****** compared with the case where it is not carrying out. 

[0043] Moreover, Example 2 about amendment of a correspondence color is explained. 

[0044] It is referred to as the tristimulus values X= 62.10 of ******, Y= 61.37, and Z= 75.00, is referred to as the 
chromaticity x= 0.3588 of test lighting (sunny place), y= 0.3397, color temperature =441 5K, and illuminance 500001x, and is 
referred to as the chromaticity x= 0.3266 of test lighting (shade), y= 0.3205, color temperature =5797K, and illuminance 
85001X. 



[Equation 4] 
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[0045] It will be set to X-1 19.33, Y'=l 12.64, and Z'=143.13 if the correspondence color of the test lighting (sunny place) of 
****** is predicted. 

[0046] It will be set to Xn-164.19, Yn -167.42, and Zn*=197.93 if the correspondence color of the test lighting (shade) of the 
perfect diffuse surface is predicted (however, a chromaticity is treated as the same as test lighting (sunny place)). 
[0047] It will be set to L* -85.65, a* -11. 42, and b* --4.27, if it amends with the illuminance of test lifting (shade) and the 
correspondence color of ****** is changed into a CIELAB color coordinate system. 

[0048] If comparison with the perceived color observed by the practice of ****** is carried out, it will become as it is shown 
in the next table 2. In addition, the observation by the feeling of ♦* changes the subjectivity evaluation result based on the 
NCS color coordinate system into the value of CIELAB by diagrammatic conversion. 



[0049] 
[Table 2] 


H SI S 


L' =96, 06 


a' = 6.23 


= 1.83 






L- =76. 04 


a' «10.34 


b* =-1.86' 


AE* -21.2 




L* =85. $5 


a* =1142 


b* «-4. 27 


AE* =13,1 



Therefore, the case where a correspondence color is amended becomes a nearer value to the perceived color observed by the 
practice of ****** compared with the case where it is not carrying out. 

[0050] Next, conversion to RGB from the tristimulus values of ****** based on the vanity of a color is performed (Step 7). 
[0051] XR YR ZR of the three-primary-colors fluorescent substance of the color display 12 when adjusting a white balance so 
that it may be in agreement with the chromaticity of a standard illuminant C (or D65), XG YG ZG, and XB YB ZB It 
measures by the spectroradiometer. Measured YR, YG, and YB It scales so that the sum may be set to 100. 
[0052] gammaR which is the luminescence brightness corresponding to the luminescence control signal of a color display 12, 
ganmiaG, and gammaB It measures by the spectroradiometer and a luminescence control signal-luminescence brightness 
property (gamma characteristics) is searched for. 

[0053] The following formula (5) gammaR corresponding to the given tristimulus values, gammaG, and gammaB It asks by 
calculation. 
[0054] 
[Equation 5] 



/X. 
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Formula (5) Called-for gammaR gammaG gammaB It asks for the luminescence control signal RGB of a color display 12 
from the gamma characteristics of a color display 12. 

[0055] As mentioned above, while presuming the spectral reflectance of ♦♦♦♦♦* and calculating the tristimulus values of 
****** under arbitrary lighting conditions the correspondence color which predicted the correspondence color under the 
standard illuminant which serves as vanity of the color under arbitrary lighting conditions, and the same vanity from the 
calculated tristimulus values by the color adaptation prediction formula, and was predicted - the illuminance of ****** - 
responding ~ an amendment ~ by things for example, when **♦♦** is illuminated with the lighting light which has the same 
relative part luminous-radiation luminance distribution When illuminated with the lighting light which can display that the 
way when an illuminance is high looks vivid, and is changing with time or the weathers like the daylight How whose color 
under arbitrary lighting light which could display that it did not change like the grade of change of the relative part 
luminous-radiation luminance distribution of lighting light, therefore is different is visible can fiiUy be expressed like the 
actual way of being visible. 
[0056] 

[Effect of the Invention] While according to the simulation system of how whose color according to claim 1 is visible 
presuming the spectral reflectance of ****** and calculating the tristunulus values of ****** under arbitrary lighting 
conditions By predicting the correspondence color under the standard illuminant which serves as vanity of the color under 
arbitrary lighting conditions, and the same vanity from the calculated tristimulus values by the color adaptation prediction 
formula, how whose color under different arbitrary lighting light is visible can fully be expressed like the actual way of being 
visible. 

[0057] the effect of the simulation system of a way which is visible according to the simulation system of how whose color 
according to claim 2 is visible - in addition, the correspondence color predicted by the correspondence color prediction 
means - the illuminance of ****** - respondmg - an amendment - things can fully express how whose color is visible like 
the actual way of being visible corresponding to change of the illuminance of a sunny place, the shade, etc. 
[0058] the effect of the simulation system of a way which is visible according to the simulation system of how whose color 
according to claim 3 is visible - in addition, by providing the database means which accumulated the lighting condition data 
of two or more lighting light which makes arbitrary lighting conditions selectable, the lighting conditions which are arbitration 
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are chosen from a database, and it can set up easily 

[0059] According to the simulation system of how whose color according to claim 4 is visible, how whose color is visible to a 
color display can be displayed by providing a RGB conversion means to change into a RGB value from the tristimulus values 
of a correspondence color in addition to a claim 1 or the effect of the simulation system of a way which is visible 3 either. 



[Translation done.] 
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